A tumor model in the rat was used to study peritoneal tumor growth and abdominal wall metastases after carbon dioxide (002) pneumoperitoneum, gasless laparoscopy, and laparotomy.
Summary Background Data
The role of laparoscopic resection of cancer is under debate. Insufflation of the peritoneal cavity with C02 is believed to be a causative factor in the development of abdominal wall metastases after laparoscopic resection of malignant tumors.
Methods
In the solid tumor model, a lump of 350-mg CC-531 tumor cells was placed intraperitoneally in rats having C02 pneumoperitoneum (n = 8), gasless laparoscopy (n = 8), or conventional laparotomy (n = 8). After 20 minutes, the solid tumor was removed through a laparoscopic port or through the laparotomy. In the cell seeding model, 5 x 105 CC-531 cells were injected intraperitoneally before C02 pneumoperitoneum (n = 12), gasless laparoscopy (n = 12), or laparotomy (n = 12). All operative procedures lasted 20 minutes. After 6 weeks, in the solid tumor model and after 4 weeks in the cell seeding model, tumor growth was scored semiquantitatively. All results were analyzed using the analysis of variance.
Results
In the solid tumor model, peritoneal tumor growth in the laparotomy group was greater than in the C02 pneumoperitoneum group (p < 0.01). Peritoneal tumor growth in the C02 group was greater than in the gasless group (p < 0.01). The size of abdominal wall metastases was greater at the port site of extraction of the tumor than at the other port sites (p < 0.001). In the cell seeding model, peritoneal tumor growth was greater after laparotomy in comparison to C02 pneumoperitoneum (p < 0.02). Peritoneal tumor growth in the C02 group was greater than in the gasless group (p < 0.01). The port site metastases in the C02 group were greater than in the gasless group (p < 0.01).
Conclusions
The following conclusions can be made: 1) that direct contact between solid tumor and the port site enhances local tumor growth, 2) that laparoscopy is associated with less 694 C intraperitoneal tumor growth than laparotomy, and 3) that insufflation of C02 promotes tumor growth at the peritoneum and is associated with greater abdominal wall metastases than gasless laparoscopy.
Laparoscopic-assisted colectomy has been shown to be technically feasible and associated with a low level of morbidity. 1-3 Until now, the total number of patients having laparoscopic colorectal resections is small in comparison to the wide extent of application of laparoscopic cholecystectomy.' The technical complexity, long duration, and high financial costs of laparoscopic colorectal procedures probably are responsible for the slow expansion of this type of surgery.5 However, the most impeding factor seems the general concern about the feasibility of laparoscopic techniques to treat malignant disease.6 More than 20 publications report 30 tumor recurrences at the site of cannula insertion or at the extraction (EXT) site of the specimen.78 The interval between operation and recurrence after laparoscopic resection of colorectal malignancies ranged from 3 to 26 months. Despite the fact that most of the reported cases have occurred after resection of either Dukes' B, C, or D disease, there also have been reports of metastatic spread of tumor after attempted curative resection of Dukes A lesions. 7 Tumor recurrence in the abdominal wall after open surgery has been reported rarely. In a series of 1603 conventional resections of colorectal cancer, abdominal wall metastases developed in 11 patients in the laparotomy incision or at the insertion site of a drainage tube, accounting for a rate of 0.6%.9 Although the true incidence of abdominal wall metastases after open resection of colorectal cancer is unknown, abdominal wall metastases after laparoscopic resections of colorectal cancer appear to be more prevalent. Thus, before the clinical use of laparoscopic techniques to remove malignant tumors, experimental studies are necessary to determine the effects of different operative approaches on tumor biology. We developed a solid tumor model in rats to study direct implantation of tumor cells in the EXT site. A cell seeding model was used to mimic the clinical situation of free viable intraperitoneal tumor cells.
The purpose of this study is to assess peritoneal tumor growth and abdominal wall metastases in rats after laparotomy, laparoscopy using carbon dioxide (CO2), or gasless laparoscopy with mechanical elevation of the abdominal wall.
MATERIALS AND METHODS Animals
Male rats of the inbred WAG strain, weighing 200 to 300 g and aged 4 To grow solid tumor, 1 x 108 CC-531 tumor cells were injected in the right and left flanks of syngeneic WAG rats. After 6 weeks, the tumor volume in both flanks reached a volume of 2.5 cm3, and the tumor mass was isolated aseptically with a scalpel from the outer membrane of the main lesion. Subsequently, the tumor was cut into pieces of 350 mg, immersed in a culture solution, and stored at 4 C until the solid lump was placed intraabdominally. All lumps were placed intra-abdominally within 1 to 4 hours after collection of the solid CC-531 tumor from syngeneic WAG rats.
Operative Procedures
After being anesthetized with atropine 0.05 mg/kg (Centrafarm, Etten-Leur, The Netherlands), domitor 0.25 mg/kg intramuscularly (SmithKline Beecham, Zoetermeer, The Netherlands), and ketalin 40 mg/kg intraperitoneally (Apharmo b.b., Arnhem, The Netherlands), the ab-domen of the animals was shaved. The rat was secured to the operating table with adhesive tape in a supine position, and the abdomen was cleaned with 70% alcohol and dried with gauze. The laparoscope, camera, and attached cables were held at the desired angle by a flexible arm. The surgeon was sitting at one end of the operating table facing the video monitor. The instruments, trocars, and laparoscope were cleaned with 70% alcohol before and after surgery.
The rats undergoing laparoscopy had a 5-mm skin incision in the midline of the abdomen at two thirds between the xiphoid process and the pubis. A 5-mm laparoscopic sheath with insufflation side port was introduced after an introduction of a 4-mm arthroscope. Two other 5-mm ports were introduced under direct vision; one in the upper left quadrant and one in the upper right quadrant of the abdomen. Rats that had a pneumoperitoneum were insufflated with CO2 to a maximum pressure of 6 mmHg, 10 minutes through an opened trocar in the upper left quadrant and 10 minutes through the opened trocar in the upper right quadrant (6.4 L CO2 in total) to mimic normal turbulence, which occurs in clinical setting.
Mechanical elevation of the abdomen was established by three sutures attaching the trocars to a metal arm positioned over the rat. The trocar holes in both laparoscopy groups were closed with one suture.
In the laparotomy group, a 5-cm abdominal skin incision was made in the midline of the abdomen. The abdomen was closed in one layer with a running suture. The operative time was 20 minutes in all procedures. To terminate anesthesia, antisedan 2 mg/kg intramuscularly (SmithKline Beecham) was given.
Experimental Groups Solid Tumor Model
Twenty-four rats participated in this experiment; 8 rats (group I) had a CO2 pneumoperitoneum, 8 rats had mechanical elevation of the abdominal wall (group II), and 8 rats were subjected to a midline laparotomy (group III). In the laparoscopic groups, a lump of CC-53 1 solid colon carcinoma, weighing 350 mg, was introduced through the EXT port in the upper left quadrant of the abdomen and placed between two lobes of the liver. An extra 5-mm site port was placed in the upper right quadrant. The 4-mm scope was introduced through a 5-mm port at the umbilicus.
In groups I and II, the solid tumor was identified laparoscopically and grasped with a 5-mm dissection clamp after 20 minutes. The trocar at the EXT site was withdrawn before extraction of the tumor. In group III, the lump also was placed between the liver and removed after 20 minutes through the midline incision. All animals were killed after 6 weeks. Abdominal wall metastases and intraperitoneal tumor growth were scored semiquantitatively. The scoring ranged from 0 to 5 per site and was assessed by two independent observers, according to the peritoneal cancer index described by Steller."1 In case of disagreement between the two observers, the score was averaged. A score of 0 indicated no presence of tumor, a score of 1 correlated with an estimated tumor diameter less than 0.5 cm, a score of 2 with a tumor diameter between 0.5 cm and 1.0 cm, a score of 3 with a tumor diameter between 1.0 cm and 2.0 cm, a score of 4 with a tumor diameter between 2.0 cm and 3.0 cm, and a score of 5 with a diameter exceeding 3.0 cm. Abdominal wall metastases were defined as tumor growth in the subcutis or peritoneum at the site of an abdominal scar. The total tumor load of each rat was defined as the total of tumor growth at all intra-abdominal sites (e.g., kidney, liver, omentum, retroperitoneum, and scrotal fat).
Cell Seeding Model
In 
Statistical Analysis
The mean and the standard deviation of the collected data were calculated. To analyze the data for significant differences, the analysis of variance was used. To assess the presence of a normal distribution of the data, a histogram was made. Results were considered statistically significant at p < 0.05.
RESULTS

Solid Tumor Model
In a histogram, all results proved to be normally distributed. The results of assessment of abdominal wall metas- In a histogram, all results proved to be distributed norand laparotomy group at the EXT site of the specimen.
mally. Tumor growth in rats after CO2 pneumoperitoComparison of the laparoscopic non-EXT sites (upper neum, gasless laparoscopy, and laparotomy are listed in right quadrant versus umbilicus) also showed no signifi- Table 4 . cant differences. The size of the tumor at the EXT site
Comparison of the CO2 pneumoperitoneum group and was significantly greater than the tumor size at the other the gasless group showed significantly greater tumor detwo sites in both the CO2 pneumoperitoneum group and posits at the peritoneum at the trocar sites (p < 0.01). the gasless laparoscopy group (both p < 0.001) (Table Furthermore, after CO2 pneumoperitoneum, the tumor 2).
growth at the omentum (p < 0.001), the scrotal fat (p < Diffuse and extensive tumor growth was found in all 0.02), and the total tumor load (p < 0.001) were greater rats. At the kidney, liver, and scrotal fat, no significant than after gasless laparoscopy. Differences of tumor differences were found after the three different operative growth at the other four abdominal sites were not signifiprocedures (Table 3) . Tumor growth at the omentum and cant. retroperitoneum in the gasless group was significantly less Comparing tumor growth in rats after either laparotomy than in the laparotomy group and the CO2 pneumoperito-or CO2 pneumoperitoneum showed greater abdominal neum group (p < 0.01). Also, total peritoneal tumor load wall metastases in the laparotomy group as compared in the gasless laparoscopy group was significantly less with the CO2 pneumoperitoneum group (peritoneum, p < * p1 = differences between the tumor diameter at the trocar site in the upper right quadrant (URQ) and the trocar site at the umbilicus (UMB); p2 = differences between the URQ and the extraction trocar site in the upper left quadrant (EXT); p3 = differences in tumor diameter between the UMB and the EXT. conven- inadvertently has grasped the tumor during the laparotional resection for colorectal cancer has been reported scopic procedure. When this instrument is withdrawn infrequently. In recent years, several reports of trocar site through the trocar, tumor cells can detach, adhere to the recurrence after laparoscopic oncologic procedures have trocar, and implant at the trocar site during removal of *p1 = differences between group IV and V; p2 = differences between group IV and VI; p3 = differences between group V and VI. NS = not significant. intraoperative tumor cell spillage reduced the 5-year survival rate after resection of rectal cancer from 70% to 44%. The third mechanism of development of abdominal wall metastases either is hematogenous or lymphogenous migration of tumor cells to the abdominal wall. This seems unlikely because the blood and lymphatic vessels of the intra-abdominal organs lack an anatomic linkage with the abdominal wall. Moreover, some authors have reported port site metastases without any other evidence of metastases, suggestive of implantation metastasis. '8 In this study, direct implantation of tumor cells at the EXT site was studied in the solid tumor model. Diffuse and extensive tumor growth was found after 6 weeks in all rats. It was clearly shown that extraction of an unprotected specimen without protection of the abdominal wall enhances tumor growth at the EXT site. To prevent tumor recurrence at the EXT site, the use of plastic bags or wound protectors is recommended to avoid direct contact between the tumor and the wound.'9 It is essential that extraction of the specimen is done through abdominal incisions wide enough to allow easy passage of the specimen. Furthermore, potentially traumatic manipulation of the tumor by laparoscopic clamps should be avoided by precise preoperative or intraoperative localization of the tumor. This can be achieved using laparoscopic ultrasonography or tattooing of the lesion with Indian ink during colonoscopy before surgery. 20 The cell seeding model in our study was used to mimic the clinical situation of free intraperitoneal tumor cells. Contrary to the solid tumor model in this experiment, the rats were killed after only 4 weeks, because tumor growth was extensive after 6 weeks in the solid tumor model. To avoid difficult interpretation of tumor growth at separate sites, autopsy was done after 4 weeks. To assess the role of tumor growth induced by CO2 insufflation, tumor growth was compared after gasless and CO2 laparoscopy. In this study, tumor depositions at the trocar sites were significantly greater after CO2 pneumoperitoneum in the cell seeding model. This finding is in accordance with the study by Jones et al., 2' who found that the trocar site implantation tripled with the addition of pneumoperitoneum. Therefore, turbulence in CO2 laparoscopy appears to be an important factor in the pathogenesis of abdominal wall metastases.
In the cell seeding model in this study, the total tumor load was the greatest after open surgery and the smallest after gasless laparoscopy. A The favorable effects of laparoscopy on tumor growth in this study appear to contradict the great number of reports on port site metastases after laparoscopic resection of colorectal cancer. However, extracting colorectal cancers through narrow incisions, inadvertent grasping of the tumor, and opening of the colon seems to have been a major factor in these cases. In addition, the rate of abdominal wall recurrence after conventional colorectal cancer resections has received limited attention and is therefore likely to be under-reported.
CONCLUSION
This study showed that in surgery for intraperitoneal cancer, the EXT site of the specimen is at risk and deserves protection. The EXT site should allow easy passage of the specimen. Furthermore, laparoscopic surgery appears to be associated with less tumor growth than with laparotomy, particularly when gasless techniques are used.
